Please cite this article as: Nieminen, J.O., Koponen, L.M., Mäkelä, N., Souza, V.H., Stenroos, M., Ilmoniemi, R.J., Short-interval intracortical inhibition in human primary motor cortex: A multilocus transcranial magnetic stimulation study, NeuroImage (2019), doi: https://doi.org/10.1016/ j.neuroimage.2019.116194. This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of record. This version will undergo additional copyediting, typesetting and review before it is published in its final form, but we are providing this version to give early visibility of the article. Please note that, during the production process, errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. Short-interval intracortical inhibition (SICI) has been studied with paired-pulse transcranial magnetic 26 stimulation (TMS) by administering two pulses at a millisecond-scale interstimulus interval (ISI) to a 27 single cortical target. It has, however, been difficult to study the interaction of nearby cortical 28 targets with paired-pulse TMS. To overcome this limitation, we have developed a multi-locus TMS 29 (mTMS) device, which allows controlling the stimulus location electronically. Here, we applied mTMS 30 to study SICI in primary motor cortex with paired pulses targeted to adjacent locations, aiming to 31 quantify the extent of the cortical region producing SICI in the location of a test stimulus. We varied 32 the location and timing of the conditioning stimulus with respect to a test stimulus targeted to the 33 cortical hotspot of the abductor pollicis brevis (APB) in order to study their effects on motor evoked 34 potentials. We further applied a two-coil protocol with the conditioning stimulus given by an oval 35 coil only to the surroundings of the APB hotspot, to which a subsequent test stimulus was 36 administered with a figure-of-eight coil. The strongest SICI occurred at ISIs below 1 ms and at ISIs 37 around 2.5 ms. These ISIs increased when the conditioning stimulus receded from the APB hotspot. 38
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Participants
111
Nine healthy subjects (3 females, 6 right-handed, 24-35 years old, see Table 1 ) participated in the 112 study after giving their written informed consent. The study was approved by the Coordinating 113
Ethics Committee of the Hospital District of Helsinki and Uusimaa and was carried out in accordance 114 with the Declaration of Helsinki. 115 Table 1 . Subjects. Hand preference was self-reported by the participants. RMT is given in terms of 116
the maximum E-field intensity induced in the geometry of our TMS-coil characterizer (Nieminen et 117 al., 2015) . 118 
Subject Age Gender Handedness RMT (V/m)
Data acquisition
120
The measurements were conducted over the course of several days (8 and 2 days for Subject 1 and 121 the other subjects, respectively). Subject 8 left the study after the first day, as he experienced 122 headache, possibly caused by the activation of scalp muscles with the oval-coil stimulation, coil 123 pressure on the scalp, or warm (but less than 41 °C) coil bottom. Participants sat in a chair and were 124 instructed to keep their right hand relaxed. EMG was recorded with the eXimia EMG device (500-Hzabductor pollicis brevis (APB), first dorsal interosseous, and abductor digiti minimi using surface 127 electrodes in a belly-tendon montage. Data of first dorsal interosseous and abductor digiti minimi 128
are not considered in the present study, as the stimulation targeting was defined relative to the APB 129 hotspot (see below). 130 TMS was administered with the mTMS transducer shown in Fig. 1 . The position of the transducer 131 with respect to the subject's head was monitored with the Nexstim eXimia NBS neuronavigation 132 system. For this purpose, the participants had undergone structural T1-weighted magnetic 133 resonance imaging; in the analysis of Experiments 1a-b and 3, the same imaging data were used for 134 building anatomical head models of subjects. The transducer was positioned according to the global 135 anatomy of the left M1 so that lateral target movement would keep the maximally stimulated site 136 within M1 (see Fig. 2 ). The predominant E-field direction was in the posterior-anterior (PA) direction 137 to obtain maximum MEP amplitudes, unless otherwise mentioned. The duration of the applied 138 monophasic pulse waveform was varied to adjust the intensity (see Section 2.1), but it always 139 contained a 30-µs hold period with near-zero E-field between the parts with positive (PA direction) 140 and negative (anterior-posterior, AP, direction) E-fields (Koponen et al., 2018b) . The maximum pulse 141 duration was 176 µs. 142
Using the figure-of-eight coil alone, we first located the APB hotspot in the left M1 for each subject. 143
Then, we determined the RMT of APB as the lowest stimulation intensity eliciting MEPs greater than 144 or equal to 50 µV in peak-to-peak amplitude in at least 10 out of 20 consecutive trials (Rothwell et 145 al., 1999 ) with a randomized interstimulus interval (ISI) of 4-6 s (2-3 s for Subject 1). In this part, all 146 pulses had a 60-µs initial phase, and the intensity was adjusted by varying the capacitor voltage. 147
With the transducer above the APB hotspot, we mapped the motor responses elicited by single-148 pulse TMS on targets lateral or medial to the hotspot by electronically translating the E-field pattern 149 to different targets. This mapping, conducted at 110% RMT (all pulses having 60-µs initial phases), 150 covered targets located within 15 mm from the hotspot in both lateral and medial directions, in 1mm steps. Each location was stimulated four times (three times for Subject 1), the stimulation order 152 was randomized, and the ISI was 4-6 s. 153
In those paired-pulse experiments in which the transducer was above the APB hotspot (see below), 154 the capacitor voltage of the figure-of-eight coil was set so that a pulse with a 60-µs initial phase 155 would correspond to 100%-RMT stimulation of the APB hotspot. Measured E-field profiles of the oval (CS) and figure-of-eight (TS) coil in the spherical geometry of 163 our TMS-coil characterizer (Nieminen et al., 2015) in the direction perpendicular to the peak induced 164 E-field of the figure-of-eight coil (red arrow in panel A). The colored shadings show the regions in 165 which the oval-coil stimulation intensity is below 50% RMT. 166 2.3.1 Experiment 1a: Paired-pulse mTMS
167
With Subject 1, we studied how a conditioning stimulus to the vicinity of the APB hotspot affects 168
MEPs. We placed the transducer above the APB hotspot and applied a paired-pulse mTMS protocol 169 with test stimuli to the APB hotspot at 120% RMT. These were preceded by a conditioning stimulus 170 at 80% RMT, administered either at the APB hotspot or to its lateral or medial sides covering therange from −15 to 15 mm in 3-mm steps (negative and positive values refer to lateral and medial 172 displacements, respectively; see Fig. 2A ). The CS-TS interval varied from 0.5 to 10 ms (20 ISIs). Each 173 pulse pair was administered eight times on two sessions in separate days (i.e., 16 times in total), to 174 account for MEP variability. In both sessions, we also applied 64 test stimuli without a preceding 175 conditioning stimulus to obtain a reliable baseline, to allow the effects of the conditioning stimuli to 176 be determined. In addition, for each target, we administered the conditioning stimulus alone (i.e., 177 without the test stimulus) 16 times on both days. In both sessions, the stimuli were shuffled and 178 divided into 16 pulse sequences, with 125 stimuli each. The inter-train interval (ITI) was 4-6 s. 179
Consecutive pulse sequences were separated by a break of a couple of minutes. 180
To extend the studied region to cover also medial sites with longer distances to the APB hotspot (16, 181 18, 20, and 24 mm), we applied a protocol in which the transducer was placed at the midpoint 182 between the APB hotspot (test-stimulus target) and the site of the conditioning stimulus; each 183 transducer location was used to stimulate only one CS target. The transducer was placed at the four 184 positions in a randomized order and each position was visited four times (in total 16 pulse 185 sequences). Each pulse sequence contained four repetitions of each ISI, 12 test stimuli alone, and 186 four repetitions of the conditioning stimulus alone, all in a randomized order. Also in this part, ISI 187 ranged from 0.5 to 10 ms (20 ISIs), ITI was 4-6 s, and brief breaks separated consecutive pulse 188 sequences. The intensities of the conditioning and test stimuli were 80 and 120% RMT, respectively. 189 The TMS-induced E-field affects a relatively broad cortical region even for a focal TMS coil (Nieminen 194 et al., 2015) . Consequently, in Experiment 1a, the conditioning stimulus caused a significant E-field at 195 the hotspot even when its peak E-field targeted an adjacent site. To understand the effect of this 196 stray E-field, we performed with Subject 1 a paired-pulse TMS experiment, in which both the 197 conditioning and the test stimuli were administered to the APB hotspot. We varied the intensity of 198 the conditioning stimulus from 50 to 75% RMT in 5% steps to mimic the effect of the non-zero E-field 199 at the hotspot in Experiment 1a, in which the conditioning stimulus targeted an adjacent site. To find the threshold intensity above which a conditioning stimulus at the hotspot inhibits MEPs for 210 each subject, we varied the intensity of the conditioning stimulus while keeping the test stimulus at 211 120% RMT. In this experiment, we used ISIs of 0.5 and 2.5 ms and varied the intensity of the 212 conditioning stimulus from 24% to 80% RMT in 0.5% steps; at each ISI and intensity, we 213 administered one stimulus. Sampling just one stimulus per intensity was selected because the 214 average MEP amplitude can be assumed to be a smooth function of the CS intensity (Ilić et al., 2002) , 215 higher resolution on the CS threshold intensity than sampling multiple pulses per intensity for a fixed 218 total number of stimuli. These sessions included also a similar set of stimuli in which the polarity of 219 the conditioning stimulus was reversed to account for the opposite E-field direction on the medial 220 and lateral sides of the APB hotspot (Fig. 2B ). For reference, we had 45 single-pulse stimuli at 221 120% RMT. The stimulation order was randomized and the stimuli were divided into nine pulse 222 sequences. ITI was 4-6 s. 223
Experiment 3: Two-coil paired-pulse TMS
224
To learn how the stimulation of the surroundings of the APB hotspot contribute to the inhibition at 225
ISIs of 0.5 and 2.5 ms, we conducted a paired-pulse experiment in which the conditioning stimulus 226 was given by the oval coil and the test stimulus by the figure-of-eight coil ( Fig. 2B ; all participants 227 included). Here, the test stimulus targeted the APB hotspot, while the conditioning stimulus affected 228 its surroundings (the oval coil induces zero E-field at a point below its center; see Fig. 2B ). The test-229 stimulus intensity was 120% RMT. The CS intensity was defined relative to the individual TS intensity 230 at motor threshold based on the peak CS E-field at about 25 mm from the APB hotspot (Fig. 2B) ; 13 231 different intensities from 48% to 170% RMT were determined. The conditioning stimuli were applied 232
with both E-field polarities, there being 16 repetitions of each pulse pair. In addition, we 233 administered 54 single pulses at 120% RMT with the figure-of-eight coil and 10 single pulses at both 234 E-field polarities at the maximum intensity with the oval coil. Again, the order of the pulses was 235 randomized, and the stimuli were divided into nine pulse sequences (note that we had a set of nine 236 pulse sequences for both 0.5-and 2.5-ms ISIs, i.e., a total of 18 pulse sequences). In this experiment, 237 the duration of the first phase of all pulses was fixed to 81.2 µs, corresponding to 120% stimulation 238 strength relative to that of pulses with a 60-µs first phase. The applied CS and test-stimulus 239 intensities were realized by varying the capacitor voltages. 240 paired-pulse sessions (intensities of the side maximums between 48% and 170% RMT). This session 243 contained 86 pulses all at different intensities, using both E-field polarities in a random order. ISI was 244 4-6 s. In this part, the duration of the first phase of all pulses was fixed to 81.2 µs and the intensity 245 was adjusted by varying the capacitor voltage. This measurement was not conducted with 246 Subjects 1, 2, and 4. 247
Data analysis
248
Data were analyzed with Matlab R2016a or newer (The MathWorks, Inc., Natick, MA, USA) and 249
Mathematica 11 or newer (Wolfram Research, Inc., Champaign, IL, USA). We rejected trials 250 containing muscle preactivation, artefacts, or noise exceeding ±15 µV in amplitude in the 200-ms 251 time window preceding TMS (for Subject 6, a threshold of ±20 µV was used for the data collected on 252 the first day). Consequently, 2% of the trials were rejected. We determined the MEP peak-to-peak 253 amplitude and MEP onset latency with respect to the test stimulus in the accepted trials. The MEP 254 onset latency for each trial was obtained by visual inspection. Relative MEP amplitudes and 255 differences in latency were obtained by comparing the medians of the corresponding paired-pulse 256 responses to those due to single-pulse TMS in the same session. The median was preferred over the 257 mean to reduce the effect of outliers. The latency analysis considered only those trials in which an 258 MEP was visible; thus, for pulse pairs with the strongest inhibition, only a low number of trials was 259 included in the analysis. For each subject, we computed the center of gravity of the electronically 260 mapped motor responses (Wassermann et al., 1992) and determined also the locations of the 261 maximums of these maps (supplementary material). 262
To estimate the extent of the cortex affected by TMS, we computed the TMS-induced E-fields using 263 individual four-compartment head models that contain realistic scalp, skull, and cerebrospinal fluid 264 compartments and a homogeneous isotropic brain compartment. The E-field was computed using 265 the reciprocal surface integral approach presented in detail in (Stenroos and Koponen, 2019) . 266 (Fischl, 2012) software toolboxes, and the TMS coils were modeled using magnetic dipole 269 distributions (1,656 dipoles for the figure-of-eight coil, 333 dipoles for the oval coil). The E-field was 270 computed directly in the motor cortex on a surface mesh that had the vertex spacing of 271 approximately 1 mm. 272 2.4.1 Experiments 1a and 1b: Paired-pulse mTMS and paired-pulse single-site TMS on 273 Subject 1
274
We used cluster-based permutation statistics (Maris and Oostenveld, 2007) to identify statistically 275 significant differences between paired-pulse mTMS/TMS and single-pulse TMS in Experiments 1a 276 and 1b. We applied the Mann-Whitney U test to obtain the U-statistics for the difference between 277 the paired-pulse mTMS/TMS and single-pulse TMS data at each CS-target/intensity-ISI pair; from 278 these statistics, we subtracted the expected statistics given no difference between the datasets. 279
After discarding the values corresponding to data with p-values above 0.001 (for the null hypothesis 280 of no difference), we computed cluster statistics by summing up the U-statistics of the neighboring 281 data points (neighbors in the ISI or CS-target/intensity dimensions, the discarded points defined the 282 cluster borders). This gave us ISIs and CS-targets/intensities belonging to several candidate clusters. 283
We assessed the statistical significance of each of these clusters by pooling the paired-pulse and 284 single-pulse data, by drawing 100,000 random permutations with the original sample sizes, and by 285 computing the maximum cluster statistics for each of these permutations. Finally, we obtained a 286 two-tailed p-value for each candidate cluster by comparing the original cluster statistics to the 287 distribution of the maximum statistics in the randomized data. The clusters were considered 288 significant at p < 0.001 after a Bonferroni correction of eight (four tests for these data of Subject 1 289 and four tests for MEP latencies, see Section 2.4.2). 290
We assessed the similarity of the MEPs obtained in Experiments 1a and 1b by computing the 291 (standardized) cross-correlation between the respective datasets. First, we linearly interpolated the 292 data in the CS-target dimension to a grid with 0.1-mm spacings (in Experiment 1a, the original data 293 locations in this dimension corresponded to the locations of the E-field maximums in the individual 294 head model; the CS intensities used in Experiment 1b were converted to CS targets by considering 295 the targets at which an 80%-RMT conditioning stimulus would cause the given intensity at the APB 296 hotspot according to individual E-field modeling). We computed the cross-correlations for both the 297 MEP-amplitude and the MEP-latency data shifted in 0.1-mm steps in the CS-target dimension. 298 2.4.2 Experiment 2: Paired-pulse TMS on all subjects 299 We quantified the CS intensities at which the MEP amplitudes in Experiment 2 started to drop for 300 each ISI and CS polarity. This was done by computing the third quartile of the relative MEP 301 amplitudes over running windows of 80 consecutive samples of the data across subjects 302 (approximately 10 samples per subject, or a 5%-RMT window) and detecting the intensity at which 303 the quartile first dropped below 1. 304
To test the null hypothesis that the MEP latencies associated with low and high CS intensities in 305
Experiment 2 were identical, we conducted a post-hoc analysis based on permutation statistics. We 306 split the median difference in MEP latency (differences between paired-and single-pulse MEP 307 latencies) to two equally large groups (split at about 50%-RMT intensity); one of them contained the 308 data associated with low and the other one the data associated with high CS intensities. We 309 calculated the median difference in latency over CS intensities and subjects for both groups and the 310 difference of the group medians. Then, we pooled the data, drew 1,000,000 random permutations 311 with equal group sizes, and computed the difference in the medians for each permutation. Finally, to 312 obtain a two-tailed p-value, we compared the median difference in the original dataset to the 313 distribution of differences in the permutated datasets. This analysis was conducted separately for 314 the ISIs of 0.5 and 2.5 ms and both CS polarities. (Fig. 3A) . Facilitation appeared strongest when the conditioning stimulus was administered to the 331 immediate vicinity of the hotspot and reduced with increasing distance from it. The conditioning 332 stimulus at the APB hotspot showed the largest reduction in MEP latency for ISIs around 5 ms 333 (Fig. 3B ). This reduction on latency diminished for shorter and longer ISIs and as a function of 334 distance from the hotspot. The effect of the conditioning stimulus on MEP amplitude and latency 335 seemed to disappear when the pulse was given further than 20 mm from the hotspot. The 336 asymmetry present in the data with respect to the APB hotspot (Fig. 3, left panels) is likely due to the 337 cortical anatomy or the identified hotspot, which was 2.4 mm on the lateral side of the center of 338 gravity of the mapped motor responses (Supplementary Fig. S1 ). Comparing the paired-pulse mTMS 339 MEP amplitudes (Fig. 3A, left panel) to those evoked by paired-pulse TMS to the APB hotspot 340 (Fig. 3A, right panel) suggests that the mTMS results could be explained by the intensity of the 341 conditioning stimulus at the hotspot (or within a few millimeters from it), as the two plots appear 342 highly similar. A similar phenomenon is visible also in the MEP latency (Fig. 3B, left and right panels) . 343
For the amplitude and latency data, the maximal cross-correlations of 0.94 and 0.77 between the 344 datasets of Experiment 1a and 1b were obtained with shifts of 1.1 and 2.4 mm, respectively. These The third quartiles of the relative MEP amplitudes fell below 1 at 45%-RMT and 52%-RMT intensity 365
for PA-and AP-directed conditioning stimuli, respectively. When the polarity of the conditioning 366 stimulus was reversed, the inhibition appeared weaker. For an ISI of 2.5 ms, the transition from no 367 to complete MEP reduction seemed to start at intensities above 50% for both stimulation polarities. 368
In this case, the third quartiles of the relative MEP amplitudes fell below 1 at 56%-RMT and 62%-369 RMT intensity for PA-and AP-directed conditioning stimuli, respectively. There was, however, 370 considerable variation between subjects. Supplementary Fig. S2 intensity was increased such that the width of the region of weak CS intensity (below 50% RMT) was 394 reduced below about 15 mm, the responses started to deviate from those evoked at lower CS 395
intensities. There were, however, some differences between subjects: Subjects 3 and 7 showed no 396 inhibition at ISI = 2.5 ms, the responses of Subject 4 were inhibited at ISI = 0.5 ms, and Subject 5 397 behaved very differently from all the others. The positive and negative oval-coil currents resulted in 398 similar MEP amplitudes, the correlation of the median MEP amplitudes associated with the two oval-399 coil current directions being 0.87. As shown in Supplementary Fig. S4 , in all but Subjects 1 and 2, 400 single-pulse oval-coil stimulation at the maximum intensity produced clear MEPs with both E-field 401 polarities. 402 
Discussion
409
In Experiment 3 (two-coil paired-pulse TMS), we found that at ISI = 0.5 ms, motor responses were 410 not affected when the width of the weakly stimulated region was greater than about 15 mm. In this 411 case, the group-level results revealed no inhibition in MEPs. In contrast, we observed facilitation of 412 the MEPs with the strongest CS intensities. This is likely because the conditioning stimuli activated 413 surrounding facilitatory neuronal structures. This provides evidence that inhibition and facilitation 414 are due to different cortical structures, adding to, e.g., the findings of Ziemann et al. (1996b) who 415 showed that the inhibitory effect is independent of the direction of the induced E-field whereas the 416 facilitation is maximized with a PA-oriented E-field. Previously, SICI at these short ISIs has been 417 attributed to axonal refractoriness or synaptic mechanisms (Fisher et locations of the underlying APB hotspots (see Supplementary Fig. S1 ). In contrast, at ISI = 2.5 ms, 422
there is a slight reduction in the overall MEP amplitudes even when the width of the weakly 423 stimulated region is larger. Inhibition appears at least when the width of this region is reduced 424 below 15 mm, showing that at this ISI neuronal structures approximately 8 mm away from the APB 425 hotspot contribute to SICI. With increasing CS intensity, the inhibition at ISI = 2.5 ms seems to turn 426 into facilitation (Fig. 5B) It is noteworthy that the CS polarity in Experiment 3 (the two-coil paired-pulse TMS) had minimal 434 impact on the resulting MEPs. This implies either that the cortical structures affected by the 435 conditioning stimuli were similar on the lateral and medial sides of the APB hotspots or that PA-and 436 AP-oriented pulses affected these structures equally. On the other hand, in the conventional paired-437 pulse TMS study, PA-oriented conditioning stimuli seemed to be slightly more effective in inducing 438 SICI than AP-oriented stimuli both at 0.5 and 2.5-ms ISI (Fig. 4) . Assuming that also the structures 439 surrounding the APB hotspot (i.e., structures stimulated with the oval coil) exhibit a similardependency on the stimulation orientation, we may conclude that the lateral and medial sides of the 441 APB hotspot contain cortical structures that similarly affect MEP amplitudes. 442
We evaluated systematically how the location of the conditioning stimulus and the ISI affect MEPs 443 evoked by a test stimulus (Experiment 1a). We found that SICI due to a translated conditioning 444 stimulus is similar to SICI due to a non-translated conditioning stimulus with matched E-field 445 intensities at the targeted hotspot. The ISI exhibiting the strongest SICI seemed to increase with 446 decreasing CS intensity at the APB hotspot being 2.0-2.5 ms at 80% MSO and about 3 ms at 60% 447 MSO (Fig. 3A) . In line with our findings on SICI, Ziemann et al. (1996b) observed that SICF in a paired-448 pulse TMS setting was reduced when the conditioning stimulus receded from the location of the test 449 stimulus; their findings might also be due to the reduction of the E-field intensity of the conditioning 450 stimulus at the motor hotspot. Thus, studies of SICI and SICF with adjacent stimuli seem to benefit 451 from taking into account the spread of the E-field, similar to single-pulse TMS motor mappings 452 The focality, and thus the spread, of the E-field induced by the transducer used in this study is similar 454 to that of commercial TMS coils (Koponen et al., 2018a; Nieminen et al., 2015) . The conclusions from 455 Experiments 1a and 1b are based on a single subject. However, given the straightforward 456 experimental design, the simplicity of the analysis comparing the results of these two experiments, 457 and the striking similarity of the results, we consider the conclusions well justified. 458
In this study, the original stimulation targets referred to the induced E-field maxima measured in a 459 spherical head model. The locations of the peak E-field in the individual head geometry slightly 460 differ from these values. In Fig. 3 (left panels) , the clustering of the locations of the E-field maxima 461 for the conditioning stimulus occurs because sometimes a slight change in the CS target makes the E-462
field maximum jump across a sulcus. Despite such nonlinear behavior of location of the E-field 463 intensity is based on the behavior of the modeled E-field in realistic individual geometry. Differences 466 between the individual cortical anatomies (e.g., curvature of M1) may also explain some of the 467 variation seen in the results. In the present study, we aimed to induce an E-field directed 468 due to the 120%-RMT test pulses (Fig. 5 ). In the same subject, strong oval-coil conditioning stimuli 475 strongly reduced the MEP onset latency unlike in the other subjects ( Supplementary Fig. S3 ). 476
Similarly, in this subject, MEP latencies due to single-pulse oval-coil stimulation were reduced 477 compared to figure-of-eight-coil stimulation (Supplementary Fig. S4 ). This suggests that, in this 478 subject, the oval coil activated neuronal structures that were closer to the motor output circuits than 479 those activated with the figure-of-eight coil. In this subject, single-pulse figure-of-eight-coil 480 stimulation at 120% RMT produced MEPs comparable to those of the other subjects. Note that due 481 to the withdrawal of Subject 8, only eight subjects completed Experiment 3 with the 0.5-ms ISI. 482
Our data on the SICI as a function of the CS intensity is in line with earlier findings. We observed that 483 inhibition at ISI = 0.5 ms emerged at lower CS intensities than at ISI = 2.5 ms, while also agreeing 484 with, e.g., Kujirai et al. (1993) However, similar to the ISI corresponding to the strongest SICI (Fig. 3A, right panel) , the optimal ISI 492 to minimize the contribution of SICF may also depend on the CS intensity. Thus, a more elaborate 493 experimental paradigm would have been needed to ensure maximal sensitivity to SICI and minimal 494 impact of SICF. 495
Depending on the point of view, the inclusion of both right-and left-handed participants may be 496 considered either as a strength or a limitation of the study. As only three left-handed participants 497 were studied, it is hard to conclude whether some of the individual differences are due to the 498 handedness. In Experiment 3 with the 2.5-ms ISI, however, only the three left-handed subjects 499 (Subjects 3, 7, and 9) exhibited MEP facilitation when the width of the region with weak CS intensity 500 was between 10-15 mm (Fig. 5B) . For Subject 9, however, this deviation from the behavior of the 501 right-handed participants is only due to one data point. On the other hand, in Experiment 2, Subject 502 3 is the one that exhibited weak SICI at all applied CS intensities at the 2.5-ms ISI (Fig. 4B) . 503
Given that Hannah et al. (2017) , who compared conditioning stimuli with 30-and 120-µs periods of 504 rising current, reported that SICI for PA-oriented stimuli increased with CS pulse duration, our 505 variable CS waveform might have slightly affected our results in those experiments in which the 506 pulse duration was varied (in Experiment 3, the CS waveform was fixed). However, it is not 507 straightforward to translate their findings to our study due to differences between the stimulation 508 waveforms used in these studies (e.g., in Experiments 1a, 1b, and 2, the duration of the rising phase 509 of the conditioning stimuli was 10.1-44.4 µs, and our waveforms contained a 30-µs hold period 510 Di Lazzaro, V., Restuccia, D., Oliviero, A., Profice, P., Ferrara, L., Insola, A., Mazzone, P., Tonali, P., 561
